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INTRODUCTION
Theories of growth have been developed for a long time. Among of those, there are two prominent schools: exogenous and endogenous economic-growth models. Exogenous models (also called neoclassical models) pioneered by Solow (1956) and Swan (1956) assert that long-run growth would be explained by capital accumulation, labor (or population) and technological process which enhance productivity. Thus, public spending does not have effects on long-run growth in exogenous models. On the other side, endogenous models developed by Romer (1986) ; Barro (1990) ; Rebelo (1991) attempt to seek new motivation for economic growth after almost thirty years of stagnation. They argue that long-run economic growth may be explained by various endogenous variables.
Among of them, fiscal policy is a factor that is attractive to many researchers. Government spending has positive impact on growth through not only directly increasing outputs but also indirectly providing productive goods and
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value that maximizes economic growth.
In terms of methodology, almost authors in former studies use methods that incorporate cross-sectional or panel data in their work. Few studies examine non-monotonic relationship with time-series data. One of disadvantages of cross-sectional or panel data is that they do not reflect specific features for each country; therefore results might become unreliable. In spite of difficulties in reaching time-series data, it has outstanding advantages that help us to have more reliable results. One of ideal tools examining the non-linear relationship between two variables is non-linear Smooth Transition Autoregressive -STAR models. Those models could allow us to detect a non-linear relationship with a smooth adjustment between regimes. Moreover, they could be used to be a multivariate, thus they are appropriate to investigate effects of government size to growth. In addition, they help us to find out the threshold value for government size that is meaningful for policy implications.
In this paper, we follow Chiou-Wei et al. (2010) to explore the nature of the relationship between government size and economic growth with a non-linear technique. However, there are some points different from their paper.
First, instead of concentrating on developing countries, we study on two groups of countries depending on level of economic development for comparison purpose: China and Japan standing for a developing country and a developing country respectively. Second, the robustness test will be implemented with an alternative proxy for export.
China is a developing country with the largest population in the world. After carrying out huge reform in 1979, China experienced high economic growth for many years impressively. In 2010, it officially overtook Japan to become the second largest economy (measured by GDP). We cannot reject that government spending is an important contribution to its growth. Particularly, investment in infrastructure has been growing fastest in the world. Fiscal policy seems to have positive effects on growth. Government expenditure is an incremental factor to growth (Sinha, 1998) Wagner's law does not hold in China (Huang, 2006) . Large fiscal multiplier (more than 2) helps China preventing from economic slowdowns. However, government spending also causes inflation and investment booms, then damages growth (Wang and Wen, 2013) . At present, government spending tends to extend too much, meanwhile growth tends to reduce. Hence, dispute over government expenditures in China has been raised again.
Japan is a developed country with the third largest GDP in the world. Since the asset price bubble in earlier 1990s, Japan has been facing difficulties and economic growth has been at one of the lowest. In contrast, general government total expenditure has been increased, falling in the range from 30% to 40% since 1990. To stimulate the demand and remain the growth rate, Japan ran a huge budget on public work programs. National debt is a problem that Japan is facing. Terasawa and Gates (1998) show that government spending has decremental effect on growth. They argue that "government programs typically lack competition, profit incentives, quantitative output measures, and a link between production costs and consumer values" (p.217). On the other hand, Guerrero and Parker (2010) indicate that government spending really has a positive effect on real GDP and "expansionary fiscal policy may have played the role of avoiding a deeper economic depression than the one observed during Japan's lost decades" (p.2).
The rest of this paper is organized as follows. Section 2 summarizes related theories and previous empirical studies. Next, Section 3 outlines methodology and describes data and variable measurements. Section 4 provides empirical results and conclusion is given in Section 5. Barro (1990) developed a theoretical framework in which the nexus between government size and economic growth is the inverted U-shaped. In short, he asserts that there exists a threshold at which different government sizes have two different effects to growth. When the government is small, below the threshold, an increase in government size will foster growth and the opposite effect will happen in cases which government size is above the threshold (Figure 1 ). There are several authors attempting to confirm the existence of this curve. Results will be reviewed later.
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Figure-1. Relationship between government size and economic growth
Source: Barro (1990). Up to now, there are many studies regarding this topic, however, results are not consistent. Some studies find the positive relationship between government size and economic growth. Ram (1986) outlines the two-sector production function framework to model the overall effect and externality effect of government size and relative factor productivity between government and non-government sectors. He finds the positive relation between government size and economic growth. A result also shows that the positive impact of government size seems to be stronger in nations with lower income levels. Ghali (1999) considers the short-run and long-run impact of government size on economic growth. Results show that government size (proxied as the share of total government spending in GDP) Granger-causes growth in all 10 OECD countries. Especially, for some countries government size has impact on economic growth via indirectly impact on either investment or trade variables (imports and exports). Grossman (1990) attempts to differentiate positive and negative effects of government on growth and finds that government has a net significant positive impact on overall economic growth.
While there is a little evidence showing positive effects of government size on growth, adverse effects seem to be found in more studies. Landau (1983) uses data of 104 countries to examine the relationship between the average growth rate and the average share of government consumption expenditure in national income. Results show "a significant negative partial correlation between the government share and the rate of increase in per capita output" (Landau, 1985) . Landau (1985) extends the analysis of Landau (1983) over 16 developed countries and the same results are found. Government spending has negative impact on growth. Especially, both government consumption and government investment also have negative effects on growth, however, no significant evidence found for government transfer. Grier and Tullock (1989) aim to discover the effects of the range of variables on economic growth. Regarding government size, results show that government growth has negative impact on economic growth in three of four subsamples (OECD, Africa and America excluded Asia). Barro (1991) investigates the relationship between share of government consumption in GDP and growth among other variables on a sample of 98 countries over 1960-1985. A negative association between government consumption and real per capita GDP growth is found. In his study in 1996, he extends from cross-country analysis to panel analysis on data of roughly 100 nations from 1960 to 1990 and finds the same results of this relation. Guseh (1997) investigates this nexus among different political and economic systems. Results show that the growth of government size has negative effects on economic growth and the magnitude of negative effects also depends on political and economic systems. Kneller et al. (1999) evaluate the relationship between structure of taxation and government expenditure and steady-state rate of growth. Results strongly support (Barro, 1990) endogenous growth model. Consequently, they find that distortionary taxation lowers growth and productive government expenditure boosts growth, meanwhile both non-distortionary taxation and nonproductive government expenditure do not affect growth. Tanninen (1999) studies the link between economic growth and inequality, and finds that share of government consumption expenditure in GDP has negative effects on growth. Also, government transfer payments and growth have a positive relation. Dar and AmirKhalkhali (2002) examine the relationship between the government size along with other variables and economic growth. Results indicate that in average, government size (measured by government spending to GDP) has negative impact on the economic growth via the adverse impact on factor productivity.
However, when it is measured by the rate of growth in government consumption instead, it shows a positive impact on economic growth. They suggest that the negative impact found may reflect the effects of taxation and transfer payments, especially a significant increase in transfers over past 30 years in studied period. Romero-Ávila and Strauch (2008) focus on the relation between fiscal variables and long-term growth in Europe and find that both sides of the budget, revenues and expenditures have long-term relationship and co-move in the same direction.
They have opposite effects on growth therefore they cancel out each other. Also, results show that government size (measured as total expenditure or total revenue shares), government consumption as well as direct taxation have a negative effect on per capital GDP growth, however public investment has opposite impact, being a growthenhancing factor.
Unlike those authors focusing on the monotonic nexus, many studies concentrate on testing the existence of BARS curve. Grossman (1988) develops a model which enables the non-linear relationship measured. He argues that a change in relative size of government (measured as the share of government expenditure in total economic growth) would have negative effects on growth while a change in absolute size would have positive effects on growth. Results strongly support his reasoning. The non-linear model is preferable to the linear one. Sheehey (1993) examines this nexus with levels of government size and development (measured as per capita GDP). He proposes that a change in relative share of government consumption has significantly negative impact on high income countries and significantly positive impact on low income -low government share countries. Karras (1996) develops a new methodology which indirectly examines the non-linear relation between two variables through focusing on the productivity of government services. The author concludes that services which government provides are significantly productive, however, underprovided in Asia and overprovided in Africa, optimal provided in somewhere else. Particularly, the optimal government size (measured as government consumption in GDP) is found at 23% for the average country but has a broad spectrum geographically (from 14% for average OCED country to 33% for one in South America). Vedder and Gallaway (1998) test an existence of Armey curve on very long-time U.S government spending and GDP. Results show that the Armey curve really exists and is robust.
Particularly, a tendency of larger transfer payments causes an economic slowdown. Hence, they suggest government spending growth should be below the economic growth, especially focus on constraining the growth of transfer payment. Analogously, Tanninen (1999) asserts that a non-linear relationship may exist between public sector magnitude and growth. He concludes that there is a non-linear relationship only between growth and government spending on public goods, confirming the existence of BARS curve. The optimal government spending on public is 6.1% of GDP (in OLS estimation) or 6.6% of GDP (in 2SLS estimation). Chen and Lee (2005) tests an existence of Armey curve for Taiwan by modifying two-sector production function developed by Ram (1986) and employing Hansen (2000) threshold regression model to test threshold effects of government size on economic growth. Results show that when all three kinds of government size in sequence: "total government expenditure divided by GDP", "government investment expenditure divided by GDP" and "government consumption expenditure divided by GDP" are set as the threshold variables, the threshold effects really exist in government size and growth relationship in Taiwan. The threshold regimes found are 22.839%, 7.302% and 14.967% respectively.
Thus, an existence of Armey curve in Taiwan is confirmed. Chiou-Wei et al. (2010) employ the non-linear Smooth Transition Autoregressive (STAR) models developed by Teräsvirta and Anderson (1992) and Teräsvirta (1994) Armey curve does exists in all three countries and the optimal total public expenditure which maximizes economic growth are roughly 25%, 20% and 22% respectively. More recently, Christie (2014) examines a non-linear relationship between government size and long-term economic growth by applying the threshold regression.
Results support the existence of Barro (1990) hypothesis. However, above a threshold value government spending has detrimental effect on growth while below that one, no statistically significant evidence is found. Interestingly, he also shows the effectiveness of government 1 also has impact on non-linear relation. Growth in countries with low government effectiveness is explained better by non-linear effect of government spending. Two authors Asimakopoulos and Karavias (2015) employ a new method, non-linear panel GMM and confirm the non-linear relationship between two variables. They find that the optimal level of government size for developed and developing countries is 17.96% and 19.12%, respectively. Thanh (2015) examines the relationship between government size (proxied as the ratio of government consumption expenditure to GDP) and economic growth (per capita GDP growth) in China and Japan under STAR approach for a model of 5 variables. He finds evidence of the existence of non-linear relation in both countries. The threshold value for government consumption spending is 15.23% for Japan and 19.43% for China.
DATA AND METHODOLOGY
Methodology
Theoretical Framework
In this paper, we borrow the production function developed by neoclassical economists:
Where is output, represents Total Factor Productivity, is a function with is capital, is labour. Assuming that export and government spending are two factors which affect Total Factor Productivity (following Dar and AmirKhalkhali (2002) ). Export helps fostering productivity through concentrating investment in more efficient sectors, holding low costs to remain competitive and expanding the economy of scale, thus enhances growth of output (Emery, 1967) . The role of public expenditure is mentioned above in Section 2.
Therefore, economic growth not only depends on the rate of factor accumulation but also depends on both government spending and the growth rate of export. Adding those two factors into equation (3.3), we obtain:
Where is the rate of export expansion; is the relative government size. symmetrical U-shaped transition.
Econometric Model
Process
The process of detecting the relationship between economic growth and government size using STAR model approach is followed:
First, we will identify the optimal lag length ( ) for linear VAR model. The optimal lag length can be determined by conventional methods, for example Akaike Information Criterion (AIC), Schwarz Bayesian Information Criterion (SBC).
Next, we will test the linearity against non-linearity in equation 3.6. The null hypothesis is that the linearity exists, implying that . However, in STAR models are not identified, therefore, we follow Luukkonen et al. (1988) to estimate the auxiliary regression:
Where is the residual from equation 3.5, is the constant term, with = 1,2,3,4 is a vector. Equation 3.9 is estimated across a range of value for d. Testing the null hypothesis of the linearity means testing the following hypothesis:
If the null hypothesis is rejected, that means the non-linear model hypothesis is accepted.
A next step is to choose an appropriate model between LSTAR and ESTAR in case which the the non-linear model is accepted. Thus, we will test these following null hypotheses:
The rules for selection are as follows:
If is rejected, the LSTAR model is selected. If is not rejected but is rejected, the ESTAR is selected.
If both and are not rejected but is rejected, the LSTAR model is selected.
After choosing an appropriate model, we will estimate values for parameters. Especially, the LSTAR or ESTAR model is selected, we will estimate threshold value for government size, .
This process is employed by Chiou-Wei et al. (2010) .
In addition, we also replace trade openness (measured as the rate of per capita total import and export in GDP)
for the rate of export in equation 3.6 for robustness test.
Data Descriptions and Variable Measurements
In this paper, data of China and Japan is reached from World Bank. We use annual observations for 43 years from 1971 to 2013. Main variables using in this paper are explained as follows: Besides, OPNS represents for trade openness, is measured by first difference of per capita total imports and exports of goods and services divided by per capita GDP.
Data are deflated in real terms and measured as unit of local currency. G_Y will be a threshold variable in equation (3.5) to find out the relationship between government size and economic growth. China fluctuate much more compared with Japan. However, the trend of GDP growth and government consumption expenditure seems to move in the opposite. 
RESULTS
Variables' Descriptive Statistics
Unit Root Tests
Based on visual observations of variables used in this paper, Phillips-Perron and Augmented Dickey-Fuller (ADF) unit root tests with constant and no trend are utilized to test stationarity. Table 2 shows results for unit root tests for both techniques. Almost variables are stationary at 1%, except government size (G_Y). However, differencing of this variable (D(G_Y)) shows stationary at 1% for both countries. 
VAR Estimation and Tests for Linearity
Based on conventional approaches (AIC/SBC), the 1-lag length is the optimal lag in VAR model for both countries. Table 3 presents the results for VAR estimate for China and Japan. Results of VAR model in China is presented in Column 2. There are only two variables which are able to explain the economic growth at 10%. Especially, the difference of government consumption expenditure in GDP has statistically significant positive impact on economic growth. An expansion of gross capital formation as well as exports of goods and services do not contribute growth of economic following statistically insignificant coefficients.
In context of Japan, an expansion of exports of goods and services (DX_Y) which appears in the model as a measure of TFP shows significantly negative at 1%. A coefficient of government consumption expenditure is negative even though it is insignificant. Both negative coefficients of these variables might imply a slowdown of TFP in Japan which are also found in studies of Amador and Coimbra (2007) and Cette et al. (2009) (Column 3 in Table 3 ). However, the relationship among variables and especially the relation between government size and economic growth in China and Japan might be explained better by non-linear models. Therefore, next step, we implement the test of linearity against non-linearity (in this paper specified by STAR model) following the process described in Section 3.1.3. The range of plausible values for delay parameter (d) is set from 1 to 5. The optimal delay length is the one which has the minimum p-value of the LM test statistic in Equation (3.9). As a result, d = 2 and ESTAR model is selected for China while d = 1 and LSTAR model is the proper one for Japan (Table 4) .
Based on linearity tests and appropriate model selection, next, we proceed to estimate the proper STAR model for each country. 
Smooth Transition Autoregressive Model Estimation
After identifying the type of model and the delay length of a transition variable, the next step is to estimate the proper STAR model for each country. The ordinary least square cannot be used to estimate for STAR models, Therefore the nonlinear least square approach is adopted to reach the estimates of the parameter values instead.
Suggested by Teräsvirta (1994) the exponent of transition function is standardized by using standard deviation of transition variable (G_Y) in LSTAR model and variance of transition variable in ESTAR model ( 2 G_Y). This makes it easier to choose starting value for .
The process of STAR model estimates is applied using sample mean of government consumption expenditure in GDP (G_Y) variable as starting value for threshold variable. However, there is only convergence found for China. Results of LSTAR model estimates for Japan do not reach convergence. This may imply that LSTAR is not an appropriate model for data of Japan. It is careful to keep in mind that in spite of rejection of linearity and STAR model is selected, it is not necessary to imply STAR model fitted. It might be explained by another non-linear model. Hence, from now on, we concentrate on STAR model estimation for China only.
In fact that results for ESTAR straightforwardly estimated from VAR(1) do not show a good estimated model when all variables in both regimes are insignificant. Therefore, we decided to remove variables which have the smallest t-statistic until all t-statistic of parameters are greater than 1 in absolute value (following Van Dijk et al.
( 2000)). The final model is presented in Table 5 . 1979-1981), (1988-1990) and (1997-1998) . Those periods witness the strong recovery in China's GDP growth.
Dependent variable DY_Y
Figure-4. STAR versus Linear model residuals
Source: estimated by the authors
In this model,  takes a quite large value and not significant. However, following Van Dijk et al. (2000) insignificance of  might not be interpreted for the weakness of nonlinearity. Large changes in  have very small effect on transition function and the reasons for a large standard error are solely numerical. Therefore it is not necessary to get the precise value for . Figure 5 illustrates the estimated exponential smooth transition function against the threshold variable (G_Yt-2) for China. The threshold value is found at 14.23%. The number of observations falling in Regime 1 dominates. When government size is asymptotic to the threshold value, the transition function is close to 0 and the relation between economic growth and government consumption expenditure is strongly positive (the coefficient is 3.9710 even though it is insignificant). When government consumption expenditure is larger than the threshold value, the relation is still positive but remains marginally. The model is estimated again with replacement of the growth of trade openness (OPNS) for the growth of exports of goods and services. In this model, the growth of trade openness in GDP takes a role of the factor which affects economic growth via a measure of TFP. Results are similar with the model described above and are given more detailed in Appendix.
In fact that, this paper only uses general government consumption expenditure as a proxy for government size to detect the relationship between government size and economic growth due to the limit of data availability. It would be more interesting and useful for policy makers if we can use other proxies for it such as government investment spending, government transfer payments, the number of employees working for public sector…As discovered in former studies, each of them has different impact on growth.
CONCLUSION
Research on the relationship between economic growth and government size is not a fresh topic in not only academic field but also policy making. However, reduction of GDP growth and an increase in government spending in almost countries in recent years over the world make it become a non-stop theme. Nonetheless, when the government expenditure is larger than this threshold, it does not cause an adverse impact on growth immediately. Instead of that, it remains marginally positive effect for both measures of TFP, an expansion of exports of goods and services (or an expansion of trade openness) and growth of government consumption expenditure (even insignificant coefficients found) on per capita GDP growth. Therefore, BARS curve is not truly supported for China. In spite of that, it partly implies that government spending is inefficiently used when government size beyond the threshold value. In last couple of years, China has pursued the high economic growth using extensive government expenditure as the major policy tool. Investment in public infrastructure has been growing faster. This helps to stimulate China's economy through the positive support for the private sector (Wang and Wen, 2013) . However, an expansion of public spending also has its cost. With large multiplier effect (more than 2), the government expenditure might be a main cause of macroeconomic instability, unintended inflation and boom-bust cycles (Wang and Wen, 2013) which means a decrease in economic growth.
Finally, it does not suggest a reduction of government spending. The problem is use of resources. An inefficient allocation of resources causes crowding out effects and costs. Consequently, we need to pay attention on government's efficient resource use to enhance productivity, which also means an increase in economic growth.
APPENDIX
Results of ESTAR estimation for China in which the growth of trade openness (OPNS) is used 
